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Pendolmycin, a New Tumor Promoter of the Teleocidin A Class on Skin

of CD-1 Mice
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Pendolmycin, isolated from Nocardiopsis, is a compound structurally similar to teleocidin A, one of
the 12-O-tetradecanoylphorbol-13-acetate (TPA)-type tumor promoters. Pendolmycin has a C;
dimethy] allyl group attached to C-7 of (—)-indolactam-V, whereas teleocidin A has a Cyq linalyl group
attached to the molecule. The structure-activity relationships of a hydrophobic moiety attached to
(—)-indolactam-V were studied in four compounds, (— )-indolactam-V, pendolmycin, teleocidin A and
newly synthesized 7-(nerolidyl)-(—)-indolactam-V in tests on inhibition of the specific [*HJTPA
binding to a particulate fraction of mouse skin, activation of protein kinase C and induction of both
adhesion of HL-60 cells and ornithine decarboxylase in mouse skin. The potencies of the compounds
for these activities increased mainly depending on the length of the hydrophobic group. Pendolmycin
had 2 tumor-promoting activity on mouse skin initiated with a single application of 7,12-dimethyl-
benz[a]anthracene, and its potency was just between those of (— )-indolactam-V and teleocidin A. The
role of the hydrophobic moiety is discussed with particular emphasis on the results obtained with 7-

(nerolidyl)-( —)-indolactam-V,
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Pendolmycin is a new indole alkaloid isolated from a
strain of Nocardiopsis,” and is structurally similar to
teleocidins A-1 and A-2” (Fig. 1). Since pendolmycin
induces the same biochemical and biological activities as
do two teleocidin A isomers,” it was expected to be a
tumor promoter on mouse skin initiated with 7,12-
dimethylbenz[a]anthracene (DMBA), as are the two
teleocidin A isomers and 12-O-tetradecanoylphorbel-13-
acetate (TPA). Pendolmycin is made up of a Cs dimethyl
allyl group attached to the (— )-indolactam-V molecule
(Fig. 1), which is the common structure of the two
teleocidin A isomers and four teleocidin B isomers. (—)-
Indolactam-V has two constituents, L-tryptophan and
L-valine, which form a nine-membered lactam ring (pro-
viding the suffix V).* We previously reported that a large
hydrophobic domain attached to the (— )-indolactam-V
molecule is important for induction of biological and
tumor-promoting activities.” Since the hydrophobic
domain of pendolmycin is a C; allyl group and those of
teleocidin A isomers are Cy linalyl groups, we thought
that the tumor-promoting activity of pendolmycin would
be weaker than those of the teleocidin A isomers. We
(K.O., HM. and M.N.) succeeded in totally synthesizing
pendolmycin,® and this made it possible for us to investi-
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gate its biochemical, biological and tumor-promoting
activities, and to compare them with those of the teleo-
cidin A isomers.

In addition, 7-(nerolidyl)-(-)-indolactam-V, which
has a C,; nerolidyl group attached to (— )-indolactam-V,
was synthesized (Fig. 1). Thus, four compounds, which
have differing lengths of hydrophobic domain on C-7,
{—)- indolactam-V, pendolmycin, the teleocidin A
isomers and 7-(nerolidyl)-(— )-indolactam-V are avail-
able to study the structure-activity relationships of the
hydrophobic moiety of (—)-indolactam-V. Four ac-
tivities, the inhibition of specific [’H]TPA binding to a
particulate fraction of mouse skin, activation of protein
kinase C, induction of adhesion of HL-60 cells and
induction of ornithine decarboxylase (ODC) in mouse
skin were studied with these four compounds. This paper
also reports a tumor-promoting activity of pendolmycin,
which was weaker than that of the teleocidin A isomers
and stronger than that of {— )-indolactam-V.”

MATERIALS AND METHODS

Materials Pendolmycin, (—)-indolactam-V and 7-
(nerolidyl)-( — )-indolactam-V were chemically synthe-
sized, as described previously.*” Teleocidin A, which
is a mixture of two isomers, was isolated from
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Fig. 1.
ocidin A.

Structures of pendolmycin and derivatives of tele-

Streptomyces mediocidicus.” [20°H(N)]TPA (specific
activity 20 Ci/mmol} was purchased from New England
Nuclear, Bosten, MA. TPA was obtained from LC
Services Corporation, Woburn, MA. DMBA was from
Sigma Chemical Co., St. Louis, MO. Histone H1 was
purchased from Boehringer Mannheim GmbH, FRG.
Inhibition of specific ["H]TPA binding Specific [*H]-
TPA binding to a particulate fraction of mouse skin was
measured by the cold-acetone filter method.® For the
inhibition test, 100 ug of protein contained in a particu-
late fraction was incubated with 4 nM ["H]TPA and a
test compound in 1 ml of 20 mM Tris-HCI, pH 7.4,
containing 2 mM 2-mercaptoethanol at 0°C for 2 h.
Non-specific binding was measured in the presence of
500-fold excess of unlabeled TPA. Each value was deter-
mined by duplicate assay.

Activation of protein kinase C activity Protein kinase C
was partially purified from mouse brain, as described
previously.” Activity of protein kinase C was measured
in terms of incorporation of *2P into 50 ug of histone H1.
The reaction mixture (250 gl) was incubated with 20
mM Tris-HCI (pH 7.5), 5§ mM magnesium acetate, 30
1M calcium chloride, 6.25 g of phosphatidylserine, pro-
tein kinase C, a test compound and 125 2 M [**P]ATP, at
30°C for 3 min. Each value was determined by duplicate
assay.
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Induction of HL-60 cell adhesion HL-60 cells were used
at an initial density of 4 X 10° cells/ml of RPMI-1640
medium. Cell adhesion was determined 48 h after treat-
ment with a test compound, as described previously.'®
Each value was determined by duplicate assay.
Induction of ODC in mouse skin ODC activity was
determined by a method previously described.'® A test
compound dissolved in 0.2 ml of acetone was applied to
depilated dorsal skin of an 8-week-old female CD-1
mouse. An epidermal extract was prepared to determine
ODC activity 4 h after application of a compound. Each
value was determined by duplicate assay.

Two-stage carcinogenesis experiment in mouse skin
Carcinogenesis was initiated with a single application of
100 g of DMBA, dissolved in 100 ul of acetone, to the
skin of the backs of 8-week-old female CD-1 mice, From
1 week after initiation, 5 #g of pendolmyein, dissolved in
100 £1 of acetone was applied to the same area of the skin
up to week 15 of tumor promotion, twice a week, and
from week 16 to week 30, 10 upg of pendolmycin was
applied twice a week. As a positive control, 2.5 ug of
teleocidin A was applied twice a week until week 30. The
control groups were treated with pendolmycin alone or
DMBA alone. Each group consisted of 15 mice.

RESULTS

Inhibition of specific ['H]TPA binding Pendolmycin
dose-dependently inhibited the specific ["H] TPA binding
to a particulate fraction of mouse skin (Fig. 2). The
inhibitory effect of pendolmycin was stronger than that
of (—)-indolactam-V and weaker than those of tele-
ocidin A and 7-(nerolidyl)-( — )-indolactam-V. The EDy,
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Fig. 2. Inhibition of specific [’H]TPA. binding to a particu-

late fraction of mouse skin by (—)-indolactam-V ( ®), pendol-
mycin (Q), teleocidin A (&) and 7-(nerolidyl)-(—)-in-
dolactam-V ( 2). Each point represents the mean of duplicate
determinations.



Table I.

Tumor-promoting Activity of Pendolmycin

Biochemical, Biclogical and Tumor-promoting Activities of Pendolmycin and Derivatives of Teleocidin A

Inhibition of Activation of

Induction of ODC?*

Adhesion of Tumor incidence

. 3 H 3 a)
TR T melescfohn  emon MG
EDy (nM) compound) s (ng/ml) /5 pg compound) (%)
{— )-Indolactam-V 1,000 3,800 28 0.43 299
Pendolmycin 37 7,200 7.5 1.6 73
Teleocidin A 9.6 9,200 2.7 is 100
7-(Nerolidyl)-( —)- 6.8 9,900 1.8 ND ND
indolactam-V
«) Each value was determined by duplicate assay.
b) Fujiki et al. (1985).%
ND: not determined.
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Fig. 3. Activation of protein kinase C partially purified from
mouse brain by (—)-indolactam-V (@), pendolmycin (OQ),
teleocidin A (4 ) and 7-(nerolidyl)-(— )-indolactam-V (2).
Each point represents the mean of duplicate determinations.

values, the concentrations of compounds which inhibited
50% of the specific ['H] TPA binding, are summarized in
Table 1.

Activation of protein kinase C activity Pendolmycin
dose-dependently activated protein kinase C activity
(Fig. 3}. The potency of pendolmycin for the activation
was stronger than that of { —)-indolactam-V. The order
of their potencies was well correlated with that of their
binding affinities to the phorbol ester receptors (Table I).
Induction of HL-60 cell adhesion Pendolmycin induced
adhesion of HL-60 cells to flasks. The EDs, values were
28 ng/ml for (—)-indolactam-V, 7.5 ng/ml for pendol-
mycin, 2.7 ng/ml for teleocidin A and 1.8 ng/ml for 7-
(nerolidyl)-( — )-indolactam-V (Table I}.

Induction of ODC in mouse skin Pendolmycin induced
ODC activity more strongly than (— )-indolactam-V and
not as strongly as teleocidin A. The maximum QDC
activity induced by pendolmycin was 3.05 nmol CO,/mg

Compound { pg

Fig. 4. Induction of ODC in mouse skin by ( — )-indolactam-
V (@), pendolmycin (O) and teleocidin A ( 4). Each point
represents the mean of duplicate determinations.

protein/30 min incubation, 4 h after application of the
compound. The doses which induced the maximum ac-
tivity were 25 ug for (—)-indolactam-V, 10 ug for pen-
dolmycin and 5 pg for teleocidin A (Fig. 4).
Two-stafie carcinogenesis experiment on mouse skin
From the biochemical and biological activities of
pendolmycin, which are shown in Table I, the tumor-
promoting activity of pendolmycin was assumed to be
weaker than that of teleocidin A. After initiation of the
skin of mice with DMBA, 5 ug of pendolmycin was
applied to the backs of mice, twice a week. The percent-
age of tumor-bearing mice in the group treated with
DMBA plus pendolmycin was 6.5% in week 15. Applica-
tion of an increased amount of the test compound in-
creased the percentage gradually to 73.3% in week 25,
The group treated with DMBA plus teleocidin A
vielded 100% tumor-bearing mice and 3.5 average
number of tumors per mouse in week 28. The tumors
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Fig. 5. Tumor-promoting activity of pendolmycin on mouse

skin initiated with DMBA. (A) percentage of tumor-bearing
mice, (B) average numbers of tumors per mouse. Groups were
treated with DMBA plus pendolmycin (@}, DMBA plus tele-
ocidin A (O) and pendolmycin alone (). Each group con-
sisted of 15 mice. Data for the group treated with DMBA
alone, which did not produce any tumors, are not shown.

appeared to be papillomas, but were not histologically
studied. The groups treated with pendolmycin alone
(Fig. 5) and DMBA alone (data not shown) did not
develop any tumors.

DISCUSSION

A new class of tumor promoters, the teleocidin class,
provides significant information concerning the mecha-
nism of action of the TPA-type tumor promoters. The
tumer-promoting activities of two teleocidin A isomers
and four teleocidin B isomers are as potent as that of
TPA, although they are structurally unrelated to TPA.
The only structural difference between the teleocidin A
and B isomers lies in the linalyl group in teleocidin A
isomers and in the alkylated cyclohexene ring in tele-
ocidin B isomers.” The {—)-indolactam-V portion is
identical. Our previous study on the isomers of in-
dolactam-V demonstrated that the 95, 128 configuration
of (—)-indolactam-V is necessary for biological activity,

782

because (+)-indolactam-V and two isomers of epi-
indolactam-V showed no activity.¥ On the other hand,
N-1 substitution of a racemic mixture of indolactam-V
with prenyl or geranyl groups did not enhance the activ-
ity significantly,” indicating that the hydrophobic moiety
of teleocidin A should be attached to C-7 of (—)-
indolactam-V, not to N-1, for maximum activity, -

In this paper we report the structure-activity relation-
ships of derivatives of the teleocidin A class, focusing on
the role of the hydrophobic moiety attached to C-7 of the
{—)-indolactam-V molecule: (—)-indolactam-V and
pendolmycin can be considered as truncated derivatives
of teleccidin A, while 7-(nerolidy])-( —)-indolactam-V
can be considered as a homologue with one additional
isoprene unit. The first three compounds are naturally
occurring, whereas the last one is synthetic. Their po-
tency for binding to the phorbol ester receptors, ac-
tivation of protein kinase C, induction of HL-60 cell
adhesion and ODC induction in mouse skin increased
depending on the length of the hydrophobic moiety. The
potencies of the above four activities were well correlated
with tumor-promoting activities for (—)-indolactam-V,
pendolmycin, and teleocidin A.»

The interaction of teleocidin A with the phorbol ester
receptors was investigated in a molecular modeling study
using three-dimensional computer graphics. This pro-
vided a receptor cavity model for the TPA-type tumor
promoters.’? This model indicated that in addition to a
hydrogen acceptor and two hydrogen donors, a tumor
promoter should have a large hydrophobic moiety for
activity. Although the interaction of the large hydropho-
bic moiety with some molecule in the receptor cavity
model is not well clarified yet, biochemically, we assume
that the hydrophobic moiety interacts with the lipid
membrane, which is involved in the activation of protein
kinase C, because a photoreactive probe for TPA
covalently bound to phosphatidylserine and phosphati-
dylethanolamine." ™ As shown in Fig. 3 and Table I,
activation of protein kinase C was dramatically
stimulated, with increase in the chain length of the
terpenoid portion. Enhancement of the activity caused by
C-7 substitution seems to reach a maximum with a C;
group, because the activity of 7-(nerolidyl)-(—)-in-
dolactam-V was almost identical to that of teleocidin A.
Alithough tumor-promoting activity of 7-(nerolidyl)-
{ —)-indolactam-V has not been tested yet on mouse skin
because of its limited availability, the structure-activity
studies with (—)-indolactam-V, pendolmycin and tele-
ocidin A clearly indicated that a hydrophobic moiety
attached to {—)-indolactam-V requires a reasonable
volume, not only a suitable length, to fit into the receptor
cavity and to induce maximum activity. 7-(Nerolidyl)-
{ —)-indolactam-V is indicated to be as potent a tumor
promoter as teleocidin A.
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